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According to # general mechanism of hydrogen isotope exchange in
solutions which has been suggested earl‘l.ﬁc [‘l] , one may expect that the H-D exchemge
betw2en ammonium ions and heavy waté:l}\ﬁ‘o eedg very slowly. This peculiarity
distinguishes ammonium ions from ammonia and amines, where the exchange at the
N-H bond proceeds for all practical purposes instantaneocusly,and is due to the
absence ab the NH, ion of free clectron pairs to which deuterium could add without
exvenditure of a considerable amount of activation encrgy. The same peculiarity
of $he electronic structure is the reason for the impeded exchange at C-H ~onds
and the total absence of exchange at Si-H bonds of soms silanes [2] + By analogy
with ammonia, it was held hitherto that evchange in ammonium ions takes place with
infinite speed. {

In accordgnce with the concept developed above, the direct dxchange of
hydrogen between NH), and water is either totally absent, or proceeds very slowly.
The actually observed  facllity c? exchange in amwoniwm salts is explaihed by |
hydrolysis and consequent formation of free ammonia. The rapid exchanke takes plsce
with (rce awmonia, and ths latter, as a result of the reverse reaction; introduces
denterium into amnoniwe ions which bad been orvipinally hydrolized. At Qhe' point of
hydrolysis cquilibrium the concentration of ammonis is high cnowh Lo enable
exchange to proceed froely in this maimer, although with a measurabl: speed.
Yhenavor a high concentration of a strong Iree acid ls prosent, hydrolyi:i:s is
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g precged, Consequently, the evchange mist Lo consideratls impeded.
weory, we investigated Lle rate of exchune of

fn order Lo check this bt
armonium nitrate, ammoniwa sulfate, and armonium chloride with heavy water in the

presence as well as thke alsence of the corresponding aclds. The experiwents vere
carried out in the follcuing marner. To a weiphed-in quantity of the salt ’
dissolved in water or dilute acid a wtighed-in quantity of heavy water having a
nown deuterium content (25 DQO) was added. DBoth liquids had been cooled to v
terperature of the avperiment. After a set period of time, & portion cf galb fro
analysis of the isotope composition was separated from the solution. We encountered
the difficnlty that no suitable re ction for the precipitation of the armonium ion
from acidic solutions is knowm in the course of which the mixture is not diluted
by a considerable quantity of ordinary hiydroge: In the majority of experiments,
precipitation was carricd out by adding an excess of acetone which was dry and
had been cooled to the necessary temperature. Control experiments established the
complete absence of exchange with acetone under the condilions of our experiments.
A1l operations nece:sary for the separation of the salt sample by this method took

1/2 to 1 minute.
In severe). experiments with ammoniur: nitrate, precipitaticn of tha sait
In view of the fact that this process takes 15

was effected by fre-zing it oub.
min, the method in question is suitable only for & qualitative detern confirmation

of the fact that del-yed exchange tekes place. Finally, several experiments with
precipitation by diorane were carried out. This procedure also required several

minutes.
1t after sucking off was dried in vacuum at 80° The

The precipilsted sa
content of deuterium iu it was determined by reverse exchange of a weighed~-in

, quantity of the dried valt with a weighed sarple of ordinary water. After
completion of the exchaie, a parb of the vater wes distilled off and its density
measured according to the temperature at which the hydrometer floated.

Tn tables 1 and 2, the results of several typical experiments on the
exchange ¢f in ammonium nitrate and anmonium sulfate ave cited. These data are not
quantitative, because the precipitation took place during come period of time which
was not exactly reproducible, During this time, the excharge contimed under
conditions of concentrations and cf a temperature which were variable.

This refers particularly to experiments in which precipitation with

acetone was carried out inmediately after addition of heavy water and energetic
stirring, In these experiments a time of exchange equal to 1 min was arbitrarily
assumed, Apparently these sources of error explain a certain quantitative incon-
sistency-i:n—the-eella‘ei:en—-ei-‘—data- that becomes noticeable after the data have

been collated. Both tables show, however, that in accordance with theoretical
concepts, exchange in the case of the ammoniwnm ion does not proceed instantanzously,
but with a measurable velocity, and is strongly impeded in the presence of an :
excese of free acid that suppresses hydrolysis., The reduction of the rate of '
exchange is smeller for ammonium sulfate, because the comparatively low solubility
of this salt did not permit the use of highly concentrated solutions of sulfuric

acid. The solubility of ammonium chloride is still lower, and for that reason
experiments with this salt yleld qualitative results only. In these experinents, !
solutions of 0.2 g of salt in 1 g of water at 0° pave 70-80% of exchange in 1 min, "
while solutions of 0.1 g of salt in 1 g of 1% HCL gave 55.70% of exchange under 5

i

the same conditions.
The following proximate equation describes the kinetics of exchange

proceeding over free armonia in a system which is in a state of equilibrium with
respect to hydrolysis: N :
- -—) = & + t '

1""(‘__ Dk) &k, \/v<l W 8) ) :

-k ™
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In this equation, o is the fraction of exchange with respétt to e
equilitrium, &, the rate constant of the straight line for the reactidn of the
hydrolysis of NHy, and W, N, and B concentrations of water, salt, and the added ,
acid respectively. In deriving this equation, we neglected the presence of . - i
molacules in which more than one atom of hydrogen is replaced by dduterium, and alsc
tho effect of isotopic exchange on the degree of hydrolysis. . : {
: while the 1limits of rcproducibility of our data do not permit a quantitative
.check of this equation, it does without any doubt describe cortectly the kinetics - |
of exchenge. In particular, this equation explains why in stroggly‘ acidie solutions
where the concentration of ammonia is reduced by a factor of 10° with respect to ’ 4
the neutra) solution, the rate of exchange is reduced by approximately one .erder
énly, altheugh this exchange takes place cver free ammonia.

The results of this investigation give added confirmation #» the above-
mentioned theory of hydrogen exchange in solutionsand to the fundamental deduction
from this theory that capacity for exchange is determined by the gtructure of the
electronic shell surrounding the atom rather than the nature of the bond X-H.
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Table 1, Exchange in NijNOy. Acid: Shf INO,

LY I N

: tempera'ourel time in ! without acid aith ac;;d,w i
c® i min T v ) |

g salt % of cxchaige g valb 1 4 of exchange

| RN S
e T 0 23
12 B 1 i1, 76 0.38 36
.0 10 1.0k Bg 0.3 58

' , l.l]- 10

2’8 ‘ 11'55* o.l1 59
o 21t 0.37 6l
0 Pk . 0,25 90

|
i
!
|
1

o : # Precipitation by freezing out; !43% acid. Precipitation continued for 15 min

‘ at ~10°%, . _
st Precipitation with dloxane added after erxpiration of the t:\:r:e indicated in the
table. Precipitation continued for § min at plus 10 to plus 12°,

|
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|
|
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13% H,50
Table 2. Exchange in (mq')?.so,‘. Acids 13% HyS50)

) ! ‘ with acid
temperature \ time in without acid
. ) l )
! C o salbt o of exchangs 4 salb

; »
g vater o e gg{a W

\'!_% of exchange

85.
90
102




